This paper was translated from Chinese into English by Medical Translation and edited by Wei Liu. Received: 20100125; Accepted: 20100617 窑Original Article窑 Sadenosylmethionine (SAM), the active form of methionine, is widespread in plants and animals. SAM is the most important methyl donor in human body, and it undergoes DNA methylation catalyzed by DNA methyltransferase. Methylation of DNA plays an important role in maintaining chromosome structure, inactivation of X chromosome, genomic imprinting, and development of tumor. The change in methylation status is an important factor in oncogenesis. Abnormal methylation, which is widespread in malignant tumors, includes hypomethylation of the whole genome and oncogenes and hypermethylation of tumor suppressor genes . SAM has been widely used in the clinical treatment of cholestasis for many years .
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In recent years, it has been reported that SAM can promote apoptosis and inhibit growth in breast cancer [ 1 ] , liver cancer [2, 3] , and colon cancer [4] , and can improve the hypomethylation of oncogenes such as cmyc, cfos, cHras, and c Kras and uPA gene (urokinase type plasminogen activator). The inhibitory effect of SAM is considered to be contributed by its being a donor of methyl to improve the hypomethylation of gene and inhibit the gene expression.
However, studies of SAM in the gastric cancer have not yet been reported. In this study, the effects of SAM in human gastric cancer cell lines SGC7901 and MKN45 were observed, and SAM was used in the nude mice xenograft model of SGC7901 cells to study the effect of SAM on the growth of gastric cancer cells, methylation status, and expressions of cmyc and uPA genes and to investigate the possible antitumor effects of SAM on gastric cancer and its mechanisms. [5]
SGC7901 cells were purchased from
A total of 200 滋 L of cells in logarithmic phase were seeded into 96well plates at a density of 2.5伊 10 4 /mL, each concentration with 3 parallel holes. After 24 h, the supernatant was decanted and cell medium containing SAM at the concentrations of 0.5, 1, 2, 4, 8, 16, or 32 mmol/L was added. The control group without any treatment was set up. The incubation was terminated after 24, 48, and 72 h, one plate at each time. A total of 20 滋 L of freshly prepared MTT solution (5 g/L) was added into each well, and the cells were incubated for another 4 h. After centrifugation at 1200 r/min for 10 min, supernatants were removed and 150 滋 L of dimethyl sulfoxide (DMSO) was added.
value of each well at a wavelength of 492 nm ( 492 ) was detected after shaking for 10 min. The proliferative capacity was determined by the average absorbance. Each experiment was repeated 3 times. Long diameter (a) and short diameter (b) were measured every 3 days to calculate tumor volume ( = 1/6 伊 装 伊 a 伊 b 2 ). Tumor growth curve was drawn and tumor inhibition rate calculated. The body weight of mice was measured. Part of the tumor tissue was stored in liquid nitrogen quickly and the rest of the tissue were fixed with 4% formaldehyde, embedded with paraffin, and sliced. Tumor growth inhibition rate = (1 △ treatment group / △ control group) 伊 100%.
After deparaffinage with xylene, the sections were rehydrated. Antigen was retrieved with 0.01 mol/L citrate under highpressure, and the sections were incubated in 3% H 2 O 2 for 15 min. After block in serum for 30 min, the sections were incubated with the primary antibody overnight and with the secondary and third antibodies for 30 min. DAB color reaction was controlled under microscope. Afterward, the sections were counterstained with hematoxylin. Followed by dehydration and transparency, the sections were mounted. Instead of the primary antibody, PBS was used as the negative control. Brown staining was indicative of positive staining. cmyc was located in the nucleus and cytoplasm; uPA was located in the cytoplasm. According to the staining intensity of positive cell, no staining, yellow, brown, and dark brown staining were defined as 0, 1, 2, and 3, respectively (Color depth should be compared with the background color). Based on the percentage of positively stained cells, the results were graded as follows: 0, no staining; 1, < 10% positively stained cells; 2, 11% 50% positively stained cells; 3, 51% 75% positively stained cells; 4, > 75% positively stained cells. The product of the staining intensity and the percentage of positive cells over 3 were defined as positive (+).
Cells treated with 0, 2, and 4 mmol/L SAM for 72 h and frozen tumor tissues were collected. Total RNA was extracted with Trizol reagent according to the instructions. cDNA was synthesized according to instructions of the reverse transcription kit. cDNA (2 滋 L) was used as the template for PCR amplification. Primer sequences and PCR amplification conditions are shown in Table 1 . PCR products were analyzed after electrophoresis with 茁 actin gene as an internal control to correct the gray value to get the relative values of gene expression.
Cells treated with 0, 2, and 4 mmol/L SAM for 72 h and frozen tumor tissues were collected. Total DNA was extracted according to the instructions of DNA extraction kit. EZ DNA glycosylationGold kit was used for bisulfite modification of DNA. Modified DNA (2 滋 L) was used as the template for PCR amplification with hot start enzymes. Normal peripheral blood lymphocyte DNA was extracted. DNA without treatment with CpG methyltransferase that was modified with bisulfate was used as a negative control for PCR amplification instead of templates. Primers and PCR amplification conditions are shown in Table 2 . PCR products were analyzed after electrophoresis. Compared with control group, the proliferation activities of cells in experimental groups were all inhibited significantly with the increase of the concentration and the prolonging of reacting time ( < 0.05) ( Table 3) .
www.cjcsysu.cn There was no death in 15 nude mice. The body weight gradually increased. When executed, the average body weights of mice were in (16.48 依 0.83) g in the control group, (16.16 依 1.14) g in the low concentration group, and (16.36 依 0.98) g in the high concentration group. No significant difference was found among these 3 groups ( > 0.05). The average tumor volumes were (1018.22 依 223.07) mm 3 in the control group, (618.51 依 149.27) mm 3 in the low concentration group, and (444.32 依 118.51) mm 3 in the high concentration group. Compared with control group, the average tumor volume of both experimental groups significantly reduced ( < 0.01), but there was no significant difference between two experimental groups ( > 0.05). The inhibition rates of tumor volume in low concentration and high concentration groups were 39.26% and 56.36% . According to the tumor growth curve, SAM can significantly inhibit the growth of SGC7901 tumor xenografts (Figures 3  and 4) .
(1) cmyc protein expression: The staining scores in control group, low concentration group, and high concentration group were 8.2 依 0.4, 4.4 依 1.5, and 1.8 依 1.3. The cmyc protein expression was significantly lower in both experimental groups than in the control group (both < 0.01) ( Figure 5 ). 
Figure 4 Nude mice and tumor xenografts
A, BALB/c nude mice were randomized separated into three groups: control group (NS), low concentration group 咱192 滋 mol/(kg窑d)暂 and high concentration group 咱768 滋 mol/(kg窑d)暂. When nude mice were put to death in the sixteenth day, the body qualities of three groups were no difference (P > 0.05). B, compared with control group, the tumor volume of low concentration group and high concentration group were obviousily diminished (P < 0.01). (1) cmyc mRNA expression: The corresponding ratios of cmyc mRNA in control group, low concentration group, and high concentration group were 0.99 依 0.10, 0.73 依 0.15, and 0.26 依 0.08. Compared with control group, the cmyc mRNA expression in both experimental groups was significantly lower ( < 0.01) (Figure 6 ).
(2) uPA mRNA expression: The corresponding ratios of uPA mRNA in control group, low concentration group, and high concentration group were 0.53 依 0.14, 0.34 依 0.05, and 0.11 依 0.04. The uPA mRNA expression was significantly lower in both experimental groups than in control group ( < 0.01) ( Figure 6 ).
(1) cmyc methylation status: None of the 5 mice in control group, 3 of 5 mice in low concentration group, and all the 5 mice in high concentration group underwent cmyc methylation. The difference in cmyc methylation status among these three groups was significant ( 2 ＝ 10.179, < 0.01) (Figure7).
(2) uPA methylation status: None of the 5 mice in the control group, 4 of 5 mice in low concentration group, and all the 5 mice in high concentration group underwent uPA methylation. The difference in uPA methylation status among these three groups was significant ( 2 ＝ 11.667, < 0.01) (Figure7). 
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Gastric cancer is the most common gastrointestinal malignancy, accounting for the second cause of death in cancer. With the development in epigenetics, people began to realize that the abnormal change of DNA methylation plays an important role in the tumorgenesis and development of tumor [6] . Studies have found that unreasonably lowlevel methylation of genes would induce high expressions of some genes such as oncogenes which were inhibited in normal status and related factors [7] . In addition, unreasonably lowlevel methylation would increase the instability of the whole genome [8] . All of these are related to tumorigenesis. DNA methylation is a reversible process. Therefore, reversing the hypomethylation of promoters of tumor promoting genes such as oncogenes by remethylation to silence their expression would treat tumors.
In recent years, some studies have shown that SAM, as a methyl group donor, can induce hypermethylation of genes and reverse the overall hypomethylation to inhibit the expression of oncogene, therefore it could inhibit tumor growth, reduce tumor invasiveness, and slow down tumor metastasis [9, 10] . Its role in the prevention and treatment of tumor is increasingly concerned. After a long time study, Pascale .
[2] have confirmed that SAM has preventive effect in liver cancer and could reverse the hypomethylation of cHaras, cKiras, cmyc, and their overexpression. Bai .
[11] used SAM as an inducer to remethylate DNA and found that the level of methylation increased while the activity of DNMT did not increase, suggesting that the increase of methylation level was caused by SAM which provides excessive methyl and not by the change of DNMT catalytic capacity. In both in vivo and in vitro studies, we observed that the inhibitory activity of SAM on cell proliferation in SGC7901 and MKN45 cells gradually enhanced along with the increase of SAM concentration and the prolonging of the reacting time. At the same time, the inhibitory effect of SAM on human gastric cancer cell lines in vitro was confirmed. Seen from the growth curve of nude tumor xenografts, SAM significantly inhibited the growth of tumor xenografts of human gastric cancer cell line SGC7901. According to the morphology of the tumor xenografts under microscope, SAM significantly promoted apoptosis of tumor cells. SAM is the normal material which exists in plants and animals and has a large LD 50 [ 4] . In in vivo experiments of nude mice, there was no significant difference in the changes of body weight among three groups after treatment with SAM for 15 days. The impact of drug toxicity was excluded. It was considered that SAM inhibited the growth and proliferation of tumor cells through methylation of itself. In order to confirm this view, we further studied the methylation status of oncogenes cmyc and uPA.
Cmyc is a kind of highly conserved DNAbinding protein carcinoid gene and involved in the regulation of cell proliferation and differentiation. Its abnormal expression is closely related to tumorgenesis and development of tumor. Sharrard .
[12] detected cmyc gene methylation in human gastric cancer and adjacent normal tissues. They found that the level of cmyc gene methylation in about 40% to 50% of gastric cancer decreased when compared with the adjacent normal tissues, and that the transcription of the gene changed as a result. In this study, the results of MSP confirmed that there was hypomethylation in the promoter regions of cmyc oncogene in control group in SGC7901 cells in both in vivo and in vitro experiments. After treated with different concentrations of SAM, cmyc oncogene promoter regions which were in low level of methylation underwent remethylation. At the same time, cmyc mRNA and protein expressions significantly decreased in experimental groups treated with different concentrations of SAM than in control group. The decrease was positively correlated with the concentrations of SAM, suggesting that SAM can inhibit the expression of genes by reversing the hypomethylation in the promoter regions of cmyc oncogene. However, we found that SAM could not improve the hypomethylation in the promoter regions of cmyc oncogene in MKN45 cells, suggesting that SAM can not inhibit the expression of cmyc. Although SAM had no effect on the hypomethylation of cmyc gene in MKN45 cells, the proliferation of MKN45 and SGC7901 cells were both inhibited, suggesting that SAM may inhibit the proliferation of gastric cancer cells through other genes or pathways.
uPA is an important protease involved in extracellular matrix degradation. Although it is not an oncogene, it is considered to be a tumorpromoting gene related to metastasis and its functions are similar to oncogenes due to its ability to promote cell growth, invasion, metastasis, and tumor angiogenesis [13] . Shukeir . [14] treated aggressive prostate cancer cell lines with SAM and found that the expression of uPA significantly reduced and thus resulted in gene silence. The inhibition of gene expression induced by SAM was in a time and dosedependent manner. In addition, Pakneshan .
[1] found that treatment with SAM in breast cancer also led to the silence of uPA gene expression and suggested that demethylation of uPA may be one of initiating mechanisms that caused the upregulation of uPA gene and accelerated tumor invasion and metastasis. In this study, we have demonstrated that there is hypomethylation in the promoter regions of uPA gene in MKN45 and SGC7901 cells in vivo and in vitro. After treated with different concentrations of SAM, uPA gene promoter regions that were in low level of methylation underwent remethylation. At the same time, uPA mRNA and protein expressions significantly decreased and were positively correlated with the concentrations of SAM, suggesting that SAM inhibited the expression of uPA gene through reversing its hpyomethylation.
We inhibited the growth of human gastric cancer cell lines with SAM both in vivo and in vitro. Through detecting the methylation status of cmyc oncogene and metastasisrelated gene uPA and the mRNA and protein expressions of these two genes, we further identified that SAM could inhibit the transcriptional activity by reversing the hypomethylation to inhibit the growth of tumor cells, confirming that SAM could be used widely in preventing and treating gastric cancer.
